Abstract. Body slip angle is important for Vehicle Stability Control. Due to using sensors to measure body slip angle is very expensive, it is necessary to estimate it from other variables measured easily. A novel method based on non-linear robust observer is proposed for estimation body slip angle. Firstly, full-dimension observer designed based on yaw rate and lateral acceleration to estimate lateral velocity. And then, the body slip angle is estimated by using lateral velocity and longitudinal velocity. The proposed method is verified by offline simulation. The results demonstrate that this method has a better adaptability to different driving conditions and accuracy.
Introduction
In order to achieve the vehicle stability control, the yaw rate ψ and body slip angle β are generally used as the control reference variables [1] . Yaw rate can be measured directly, but the body slip angle is estimated through the other vehicle motion state parameters, such as steering wheel angle, lateral acceleration, yaw-rate, etc [2] , because it is difficult to measure directly with low cost [3] . Therefore, looking for a kind of body slip angle estimation method with high precision and good real-time has become a key research problem of stability control.
Body slip angle estimation methods can be briefly summarized into two categories: 1) estimated by combinations of the different types of inertial sensors; 2) slip angle estimated by using the inertial sensor combined with vehicle dynamics model. According to previous research results and the second category, based on tire cornering stiffness online identification, a robust full-dimension observer for estimating vehicle lateral velocity is designed. The lateral velocity and longitudinal velocity are combined to estimate the body slip angle, and its schematic diagram is shown as Figure  1 . It can be seen from Figure 1 , the body slip angle estimation strategy is described as three parts: lateral velocity estimation, tire cornering stiffness estimation and body slip angle estimation.
Fig 1 body slip angle estimates diagram
Lateral velocity estimation. In this paper, a robust full-order observer [4] is used to design the car lateral velocity observer and the robustness of the observer gain.
Lateral velocity Observer design. Lateral velocity observer design adopts a simplified two-degree-of-freedom vehicle model:
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Wherein the lateral force is expressed as:
By formula (1) to (5), the equation of state of the system is as shown: 
By the formula (6), the system in the vehicle driving process ( 0
When 0
x v = , the vehicle stops and the system is not observable, then the lateral velocity estimation value is set to zero directly. In the model, tire cornering stiffness is extremely an important parameter. The changes of the road surface friction coefficient and tire load will make it change and when the tire entering the nonlinear of μ λ − curve, cornering stiffness will change greatly. This change will make the model do not match the actual state of motion, which is unfavorable for the robustness and convergence of the designed observer. It must be online identification for the tire cornering stiffness, the identification method use least-squares estimation, estimation methods are as equation (7) to (10):
T y x θ = (7) Where:
Tire cornering stiffness can be estimated using recursive least-squares method by taking equation 
When constructing lateral velocity observer output equation, signals of ESP sensors for lateral acceleration and yaw rate are needed. These two signals have the following relationship: 
The system output equations can be formulated as:
Where, Using the equation (16) and (17) 
So,based on pole placement and robustness, the value of gain matrix K is shown as [6] : 1   2  11  2  11  22  21  21   22  1 2 21 
Where, c v represents a constant greater than zero to prevent zero divided in the calculation process. Finally body slip angle is got after filtering and compensation.
Simulation
The control algorithm is established in the MATLAB/Simulink, and verified by simulation. Figure 3 , 4, and 5 show most simulation results under different working conditions. The actual value represents the measured value of the sensor in real vehicle simulation. The measured value is used as an accurate value for the estimation. The estimated value is the result of this algorithm's estimated value. As shown in figure 3 , 4, and 5, estimated value and actual value have a good consistent tendency with little error. It can be seen that the designed estimation method can effectively estimate body slip angle in different conditions. 
Results
This paper is in the light of the problem that vehicle body slip angle is difficult to measure directly with low cost; A nonlinear robust observer for body slip angle was designed by using inertial sensors and vehicle dynamics model. Through MATLAB/Simulink modeling and simulating, the design of the algorithm was tested and verified. The results show that the observer has a high level precision, and has a better adaptability to different working conditions as well. 
